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Right Picture In Right Mind At Right Right Picture In Right Mind At Right 
TimeTime

�� Visualization Is HappeningVisualization Is Happening
�� Visualization Will Directly Control WeaponsVisualization Will Directly Control Weapons
�� Seeing Is Believing: Misuse Is Life ThreateningSeeing Is Believing: Misuse Is Life Threatening
�� New Visualization Paradigm Needed To Safely and New Visualization Paradigm Needed To Safely and 

Effectively Convey and Control TheEffectively Convey and Control The BattlespaceBattlespace

We live in an age that is driven by information…changing the face 
of war and how we prepare for it - William Perry
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�� What Do We Mean By A New Visualization ParadigmWhat Do We Mean By A New Visualization Paradigm
Key Change: Visualizations Become The Interface And Medium Of Key Change: Visualizations Become The Interface And Medium Of 

CoordinationCoordination
Two Scenarios As ExamplesTwo Scenarios As Examples

�� Current Technological OpportunitiesCurrent Technological Opportunities
�� Technological RoadblocksTechnological Roadblocks
�� Research StrategiesResearch Strategies

OverviewOverview
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�� Contingency Team Contingency Team 
MultiMulti--serviceservice
MultiMulti--languagelanguage
MultiMulti--culturalcultural

�� Flood Of Incoming Data Flood Of Incoming Data 

Refugee
Aid

US Embassy
NEO

Mines

Missiles
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�� Accuracy = WYSIWIMAccuracy = WYSIWIM
�� Unambiguous Expression of Unambiguous Expression of Intent Intent = WYSIWYD= WYSIWYD
�� Common View Communicated Up & Down The Common View Communicated Up & Down The 

HierarchyHierarchy
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�� Represent Information EfficientlyRepresent Information Efficiently
�� Customize Information To Individual Soldier Needs Customize Information To Individual Soldier Needs 

And SituationAnd Situation
�� Scale To Large Number of SoldiersScale To Large Number of Soldiers
�� Meet Time Critical RequirementsMeet Time Critical Requirements
�� Maintain Military Quality of ServiceMaintain Military Quality of Service

Select Most Effective Modality: Text, Image, Animation, Voice, TSelect Most Effective Modality: Text, Image, Animation, Voice, Touchouch
Graceful DegradationGraceful Degradation
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�� Many Visualization Techniques Don’t ScaleMany Visualization Techniques Don’t Scale
�� Not Adapted To Distributed Networked EnvironmentNot Adapted To Distributed Networked Environment
�� Don’t Convey Data Confidence Or TrustDon’t Convey Data Confidence Or Trust
�� Batch Mode: Move From Data To VisualizationBatch Mode: Move From Data To Visualization
�� Difficult To Shift Between Different Levels of Difficult To Shift Between Different Levels of 

AbstractionAbstraction
From One Perspective To AnotherFrom One Perspective To Another
From Views Appropriate To One Task To Those Appropriate To AnothFrom Views Appropriate To One Task To Those Appropriate To Anotherer

�� Effective Visualization Often Require Visualization Effective Visualization Often Require Visualization 
ExpertsExperts

�� Being Pursued Piecemeal With PreBeing Pursued Piecemeal With Pre--Paradigm Shift Paradigm Shift 
SoftwareSoftware
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�� Massive Amounts Of Data Are AvailableMassive Amounts Of Data Are Available
SensorsSensors
ModelingModeling

�� Exciting Advancements In Hardware TechnologyExciting Advancements In Hardware Technology
Fast Inexpensive Graphics HardwareFast Inexpensive Graphics Hardware

Faster ThanFaster Than Moore’sMoore’s Law (Factor of 10 in 3 years; Exploit Parallelism  and Law (Factor of 10 in 3 years; Exploit Parallelism  and 
special HW)special HW)

New Sensors and Displays New Sensors and Displays 
Computing, Networking, and StorageComputing, Networking, and Storage

�� Significant Developments In Interactive VisualizationSignificant Developments In Interactive Visualization
New Visual Metaphors For Abstract Information Applicable To NetwNew Visual Metaphors For Abstract Information Applicable To Networks, orks, 

SoftwareSoftware
Visual WorkspacesVisual Workspaces

Why NowWhy Now
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Application:  Phone FraudApplication:  Phone Fraud
Consequences:Consequences:

Industry Loses Of Industry Loses Of 
Billions/YearBillions/Year
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Result For Unnamed Result For Unnamed 
Long Distance Company: Long Distance Company: 
Something Like Eight Something Like Eight 
Figure SavingsFigure Savings
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Problem:Problem:
Year 2K Year 2K 
Application: Application: 
Identifying Identifying 
Necessary Necessary 
Code ChangesCode Changes

Heralded As:  Heralded As:  
600 Billion 600 Billion 
Dollar Dollar 
ProblemProblem
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Result: 40Result: 40--80% Improvement In Identifying Code Needing 80% Improvement In Identifying Code Needing 
ChangesChanges
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�� Visualization Supports Problem Solving and Visualization Supports Problem Solving and 
Encourages CollaborationEncourages Collaboration

�� Multiple TaskMultiple Task--Specific Views Show Different Specific Views Show Different 
PerspectivesPerspectives
Often Novel Views To Show Overviews and Details Often Novel Views To Show Overviews and Details 
Views Focus and Filter To Match Different Tasks NeedsViews Focus and Filter To Match Different Tasks Needs

�� Interactive Views Function As EnvironmentsInteractive Views Function As Environments
Operations Are Fast, Intuitive, and ReversibleOperations Are Fast, Intuitive, and Reversible
Linked Views with Brushing Support Drill Down,and AggregationLinked Views with Brushing Support Drill Down,and Aggregation
Movement Between Views That Preserves ContextMovement Between Views That Preserves Context

�� Visualizations Connected To Analysis Engines With Visualizations Connected To Analysis Engines With 
Effective Algorithms Allow Scaling To Real DomainsEffective Algorithms Allow Scaling To Real Domains
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Coherent Framework for Visualization Research Coherent Framework for Visualization Research 
Addressing Full Information Requirements of the Addressing Full Information Requirements of the 

MilitaryMilitary

11 Move From Visual Workspace To Visual Decision Move From Visual Workspace To Visual Decision 
SpaceSpace
Visualizations To Convey And Control TheVisualizations To Convey And Control The BattlespaceBattlespace

22 Understand How To Create Visual MetaphorsUnderstand How To Create Visual Metaphors
Understand Principles For Creating Effective Visual Metaphors AnUnderstand Principles For Creating Effective Visual Metaphors And d 

VisualizationsVisualizations
Design Effective Integrated Visualizations For Military ApplicatDesign Effective Integrated Visualizations For Military Applicationsions

33 Develop A Production TechnologyDevelop A Production Technology
Support Engineering By Domain ExpertsSupport Engineering By Domain Experts
S l d i li i d i h l ili
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Xerox Alto 1970’sXerox Alto 1970’s Netscape 1990’sNetscape 1990’s
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Visual Workspace To Visual Decision Space Visual Workspace To Visual Decision Space 
�� GapGap

Supporting Individual To Supporting Coordinated TeamsSupporting Individual To Supporting Coordinated Teams
Natural Visualizations OfNatural Visualizations Of BattlespaceBattlespace
Linked Across Multiple ResolutionsLinked Across Multiple Resolutions

For Different Command LevelsFor Different Command Levels

�� ApproachApproach
Direct Control ViaDirect Control Via

Visualizations ThemselvesVisualizations Themselves
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Visual Metaphors For Abstract Visual Metaphors For Abstract 
InformationInformation
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Visual Metaphors To Methodology For ProductionVisual Metaphors To Methodology For Production
�� GapGap

Effective and Reliable MetaphorsEffective and Reliable Metaphors
General MethodologyGeneral Methodology

�� ApproachApproach
MiineMiine The PastThe Past

TufteTufte
Exploit Existing Military MetaphorsExploit Existing Military Metaphors
Ground In Principles About Semantics and Perception of GraphicsGround In Principles About Semantics and Perception of Graphics

Advance Automating Design of GraphicsAdvance Automating Design of Graphics
APT,APT, MackinlayMackinlay
Visage, RothVisage, Roth

Visual Metaphor MethodologyVisual Metaphor Methodology
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�� Current State: Point SolutionsCurrent State: Point Solutions
Different Visualizations:      GISDifferent Visualizations:      GIS SciVis       SeeNet       SeeSoftSciVis       SeeNet       SeeSoft ……
Different Visual Models:      Spatial    Scalar     Networks    Different Visual Models:      Spatial    Scalar     Networks    Document Document 

Processing    Processing    
VectoVector                          Statisticalr                          Statistical

Different Data:               GeographicDifferent Data:               Geographic SimSim SNMP          Code FilesSNMP          Code Files
SatelliteSatellite
Sensors Sensors 

3D Vector Field Visualization3D Vector Field Visualization
of Electric Field within Thoraxof Electric Field within Thorax
Johnson,Johnson, MacleodMacleod, Matheson, Matheson
UtahUtah

Simulated Kuwaiti Oil Fire from Simulated Kuwaiti Oil Fire from 
Gulf War,Gulf War, AdvancedComputingAdvancedComputing
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Point Solutions To Integrated FrameworkPoint Solutions To Integrated Framework
�� GapGap

Connecting Between Types Of Visual Models And Data TypesConnecting Between Types Of Visual Models And Data Types
Example: GIS Integrated With Network VisualizationExample: GIS Integrated With Network Visualization
Developers Need Mix and Match To Best Meet Military Task RequireDevelopers Need Mix and Match To Best Meet Military Task Requirementsments

Integrated Multilevel Representations Across MultiIntegrated Multilevel Representations Across Multi--Resolution Resolution 
Information, Sensor, and Engagement GridsInformation, Sensor, and Engagement Grids

�� ApproachApproach
Model Specific Languages Connected Via MetaModel Specific Languages Connected Via Meta--Languages For Visual Languages For Visual 

ModelsModels
MulitscaleMulitscale Visualization ToolsVisualization Tools

Pad++Pad++
Toolkits With Increased Automation: Visualization BuilderToolkits With Increased Automation: Visualization Builder

VTK,VTK, SCIRunSCIRun, APT,, APT, SageBrushSageBrush
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�� Current SituationCurrent Situation
Visualization Is Happening Visualization Is Happening 
Visualization Will Directly Control WeaponsVisualization Will Directly Control Weapons
Misuse Is Life Threatening: Seeing Is BelievingMisuse Is Life Threatening: Seeing Is Believing
Imperative We Understand Creation Of Effective VisualizationsImperative We Understand Creation Of Effective Visualizations

�� OpportunityOpportunity
Massive Data Available From Sensing, Modeling, NetworkMassive Data Available From Sensing, Modeling, Network
Dramatic Increase In High Performance Graphics PerformanceDramatic Increase In High Performance Graphics Performance
Existence Proofs For Interactive Information Visualization EffecExistence Proofs For Interactive Information Visualization Effectivenesstiveness

�� StrategyStrategy
Move From Visual Workplaces To Visual Decision SpacesMove From Visual Workplaces To Visual Decision Spaces
Exploit Visual Metaphors: Representation Becomes The InterfaceExploit Visual Metaphors: Representation Becomes The Interface
Develop Production Technology For Military VisualizationsDevelop Production Technology For Military Visualizations

�� ImpactImpact
Safe and Effective Control Of TheSafe and Effective Control Of The BattlespaceBattlespace

Right Picture In Right Mind At Right Right Picture In Right Mind At Right 
TimeTime
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